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(57) ABSTRACT

A Tuel system for an engine 1s provided. A fuel injector of the
engine has an 1njector inlet and an injector outlet. The fuel
system 1ncludes a fuel vapor separator, a fuel supply conduit,
an injector conduit, a fuel return conduit, and a vapor return
conduit. A first end of each of the fuel supply, injector and
vapor return conduits 1s fluidly connected to the fuel vapor
separator. A first end of the fuel return conduit 1s fluidly
connectable to a fuel tank. A second end of the fuel supply
conduit 1s fluidly connectable to the fuel tank. A second end
of the mjector conduit 1s fluidly connectable to the mjector
inlet. A second end of the fuel return conduit 1s fluidly
connectable to the 1injector outlet. A second end of the vapor
return conduit 1s fluidly connectable to the fuel tank. A
marine outboard engine 1s also provided.

16 Claims, 7 Drawing Sheets



US 11,092,116 B1

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2007/0101974 A1*  5/2007 Achor .................... FO2M 37/20
123/516

2008/0245346 Al1* 10/2008 Onishi ............... FO2M 37/0058
123/514

2009/0071448 Al1* 3/2009 Smuth .................... FO2M 37/20
123/516

2009/0107460 Al1* 4/2009 Hunt ................... FO2M 61/04
123/445

2012/0060935 Al1* 3/2012 Carter .........oooevvvnneeen, F17C 3/00
137/14

2017/0045007 Al1*  2/2017 Pursitull ............ FO2M 25/0854
2018/0298850 Al* 10/2018 WVillaire .............. FO2M 25/0872

* cited by examiner



US 11,092,116 B1

Sheet 1 of 7

Aug. 17, 2021

U.S. Patent

-
o2

NEES

,
L,
L,
H
L e . 1
. -
| N T
[ []
o - "
>} -‘ -
-, o
- il
* s AT
,,,,,,,,,,, ¥ _
-‘.I+-.II

e < 3
. 4 L_ ” : r
T ; . /
..1...-.1. a“—w.- . .-_.
r. “ .“ - “
H : . !
el | - ;
L Py _____1
1 B ) ¥
1-1 . H . .‘l
i F 'y e ¥y
“ef- ' Fy " v
i M g i y Ty
E A in . “ “ R A A A e
. g o | i ;
o e _-.—. 1B +“ l-
- .-l..- “.-. ”._. ’ ;_- “-- RN "N l . __“
-__. e “ .-_-. Sl Tt e ek ko e e q ‘ - o
7 BRE e -3 = ¢
\ . | A I M} Y &g fg = E . ! e . T T —
ry¥ . - . h - B !l W M W Y MY W M WD A WA R R W R P WS AN Y W M D A W D R W A W W W N P !i i\qi
sml =SSR THE 2 ; 0 17
: . ' % " " ;
o : . F ey al 5 9 . F
nﬂuu y _ o ..r...,,.‘” &, : rﬂ_ mii. llllllllllllllllllll |fmal.lhlhl.l.lhl.l.l.l.l.lhl.l.l.l.l.lhl.-“... ....... uum...l.l.l.lhl.l.l.l.l.lhl.l.l.l.l.l.l._. ,
A - M u____.. * ln i oo “
2 . g ._._- W”.ﬂr_” .”. gL y ] -  F I  F P F F F P P F P F I F F F FFF FFFFF FFFrFFrFrrrrrrrrrrrerees rer rErErrTEEoT _-“
i d w r o .

mm TEEERETES ‘#!
et
N
- iﬁ.ﬁ ~

I I e e ke

rF




100

US 11,092,116 B1

Sheet 2 of 7

—————————

Aug. 17, 2021

LI

-

Ty *'1-' -|l-l|l-.-|-' .

:i:'.---

L

7

OO OO OO OSSO T TSSO W R W
o

T TTTTTTTTTTTTTTT™TOT™TN

o .
i
\ il

R
b T

Tim

I
LT '
I L i At
1T v+ = = m
- a

'-H‘h I..- - "I+I'|'1'l__i._-._-.. ETE LR

-
R

1 v + A R ERL -
1 . 1

T
-y om om e -
TR

3 o e g

L.
-0
‘I
T

5

'

.
|~
"
: ,
= H
— o
11. -y n-.___-.__ Sy
: H....,wﬂ_'. :
= ST e,
el bt . e A ]+
- o o
P I . .._‘.
o .
4 ) 4
4 i 4
4 i /4
o -
4 .
* E
F )
] B
r  +
F B
| .-__
A
X 'k
4 B
4 |

iy oy gy oy g g W, N
LI T -

2
..-. e ke ke .- "| “?J
n ) 1
p 1 i m..
& 1 A
| 1
o ] ‘.
LI 1
” X
’ i o
.-___._.. 1 ! “..
) 1
h- []- I 4
2 o i o
-.-l. 41 -._.; a i \.
LI .. . -”
Ell.m_..._- e

Tt e
"u.-

i.. ] ...T...-.l”

_f].l'

" -*l-”t Frr
P

[+ * ] #
Lr
S e
- '
A ‘h
1
== l-.--'FIII
P i Ty M e Ny My

L

-

ey FFFF T F ¥

b)

! . I,
. . '
) W

"

BN A LNRF AR L AN R RN RN
N
. \
. - F,
P e i i
- L
JEA R BN AN LN AR RN AN R O LRE RN
-
J
>
dod ok ke oA

U.S. Patent

|l|..'r.!..l..!..!..l..‘..‘..l..‘..!..l..‘..l.

+ 4 4 + +

B
r+ 4 4 + % 1
_—

- N

o
o

+ + v 1

I N

B e oy S i b by ot g b b g s by g,

i WY TN

'\i.in.i.*

-

nnnnnnnnnnnnnnnnnnnnnnnnn

EEEL ]
+ * + + + + + F + +4410 -4
| W N NN NN NN NN NN NN U U RN OGN OTN O ONN AN

H

L ol ol ol ol o o o o ' ol o ol ' ' ol ol ol o ol ol o o ol b ' o o ol ' o ol ' a o a a ab a ol a a a al a a al  a al a a al a a al l a al o  ab a a a a a al  a a o o b o o al a a a a a a a o l a a l a a a  ab ab a a a

o oo ok b ok b b o b ok b b ok b o ko ok

_ 3
§

F
r
r
F
k
F
F

Ll = = s

aata A A A A A A

s
.\... \

o2

1




US 11,092,116 B1

Sheet 3 of 7

Aug. 17, 2021

U.S. Patent




US 11,092,116 B1

Sheet 4 of 7

, 2021

Aug. 17

U.S. Patent

3

. - - ) ll N h e, i -
X ; r .o * 1*tnl
Syt o B P s R - bt gL e . ?l%!l‘%ﬁk‘.t;tlhw!u:.ih et A, T T
o » -1.-1_.1_-_-_.._!“.. ulul..l._l.nl- ..I..Fl.l.l_.hi.ul..l:l_”_lnl.”‘.-i-i.ll.!-l....\. B : E gl = ar m e = F R tas EEE ,. .
. ‘!u-J.I_-l‘l. e - _.lll.l_l_1‘1.-1_.1_lll_lnll.l1.ﬂ.|_l..l_._l.nl- = : nl_..l_..l_..l_rl. e . . - ...%..\...l Ll v T ) 1 A - j
_._-.I..-_.-._lr&_-._...-... e dry L__..-lwl... oy ox F 3 . ; o PSRN . :
-y . s . A o o sl 3 A -
. F m - . - . . . i} ) .
' ¥ ..11. ; wT o

 m » T TP » P T g S, .._._._1._.._‘_44_.___. ..:-.t...i_...lr‘__..itl_.i.l... ..__.,_t...t.r..___t - o
- u_.aI_-_-ll.ll_-J._l eyl LT bt e ; M ' -
| oy .uu_-.l_r.ir.-.qiq ol "l ”
- llvl...l_...l_...l. . ki r ' o ) L Shi ' " . .
" o . - . .

l 1 II %& ekl i.l:t_ﬂ__._%. 1____ P L i .
%\1-"“. . . - A
1-- . l

%Eﬁ.llﬂ A L PR FEEA
! ) . - R
. ...1.-1'!..._“ . . . - . U I A it )
. - ' . + . - ra A emimhor o
. A . . . . I B N .

. .&_....t.!.___hu&._ . ) ' ’ ' gt A ul - -t !
) . o ; ' . Lo e R ot . e . - '

e e n ko e B LT T
A ' ' : o . LI T A
.

- g e b F W
I U R mEEY

tarsm ..!.-..“l.nl..\ﬁrx

- A m " [N

= - - a R
L] . rrm 4 . - a a T = om R !‘..l.-l.lu—.l‘.. e mge.m "
. - - - . I
r d L] T+ a - * of o 2 o ) "t " L R
) ) wExm T " ek P
. . H o - a - Fa N 1 et " - -+ o .
. . ]
- PR 1-.-.".'. ul [ raa - - + o oF E I N - - Ll -
-+ [ . ‘h - F o R
.t. . . .I..l- ) . . ’ o - . 3
] " y ’ o .‘.‘..—.. : e wowdr ko A
' " I
! - o AH " (Rl L




US 11,092,116 B1

Sheet 5 of 7

Aug. 17, 2021

U.S. Patent

.—.
+T+.. bl . B N . . =+ 4 + + + 0 ++ + + 0 4+ * + FFt+ At Pttt At | ] + + + % F + + + &k o+ + 4+t rhE TPttt YTt DAt 4 - + + 01 ++ + +++F + F + o+ttt DA Pt d DAY n-.."|+++.-.1..-.+r‘...—..—..—.#T.—-.—.+.—.-.T+++-.-r+++#T+++‘.T.—.++‘.T.—.++.—.
ﬁ ‘.-.l.—..r-—.‘.r.l-—.-l -+ F b w d d kS rmw ok Fhw o+ Al wd o rd o h s ow kdd s+ kA e Y+ Frdh ek hwor A S 4 w4+ ok d omh o+ o d o h o F A d e F kA A o d e ow kWA d F F kR Y F A d A Ak T - d w + Fwrdw F +F r ey d o+ dddF e Fd s oh o A hww ok kFksoword hww o+ dd ek rrd A rrw d d 4w+ e rhw o FdodF o+ s+ Frsww Fddwm T o d + + + r u» = + + d b v w v i =+ 7 F&ra e d wmoh s ok d s w ol rFwoh ol Ak
*

4 4 Lo e ek e e ) B S L o s B 1l.-|ll-.1l- I‘.I-.llll-. el e e Beh Nk N e T S L L b L ELE N BN N BN L e e B B LB Gl o o B o b b Bh R bk O o B i o Ll B e S bl e e e ] |-.J.-|ll-.11 .-Il.lil‘.-l-.-llll\l'-l ek e e B L L e ok o B o o e ol B Beh an kB R L e o o i o T e i IJ..-I"II-.-. JI]'I Thl B o B e e B T RN e N N BN o B N ke e ol i e o Bl B b B B i e b LE amm o e L L e Bb h |-.||‘|l.|1.-|11||l|-.1 ke nl N B N N L BN L b B JEh e N N B R i ol B ol e e R e e o Bl b B B e B R L o e B B B o e ol e Ii-l'l-.l.-l-. e Bl BN Lo e b BN N BN N LD S S o e e mt e |
- . ] ] 3 e ] LN ] ] ] L] ] L L] ] ] L] T 1] )

+

£ u“{ﬁ _ R e o x

+
T by | e
Ly
+

.—.-..lli-.-.a..-i.—.-.-.lil..l-.l -.-.1.i1*llli*i1liill-ii1!liilljhi*11.i:lliﬁllllill1lill1iiil1&.*111**1ljlilii.ii..-.1.-.'._.11lii-.J..Ji._.-.-.1.1..111&*.—.11.1114&*.11.‘**.—.41lllllilill-i.—.ll1lilljliﬁl1iii11hiﬁl11.1111li*11.i:lli*li.lliljlili1liil1&li14.1i111li1

3 + +
+
L R
LI
........... iy e kel it it gl ke eV el il e E e e -
Yy 2 L oy P ]
T d mw o+ ow o 1k kAo g
] [ A+ koA o+ o+
-« LRI |
r + 4+ + %kt + kA P+
F 4+ + + % FF + 4+ P+
L LI SE AL BERE T B N N
EIE DR LN S R S A |
- AT A A
..nnn-.__.n._..-ll.__.-.._-.-._....._.l._.__nnn-.._ !!!!! P om o m koo P owoEoq oW oaaw o e A i, i e FoE e e i e e e s il et i i - i e T or F W oa P omoN EoaomoE Lt e s iy e PP L w m Ay w v g oaom ke Ay yow o w sy T orw Oy T oM R T R oA o by p T *wy Wk omoErw prEy W a s Emrnprrlypdrrmomoror Habk- e B T
.-.-.._.._._.-_.-_._....._.__ - LN EEERN R |
s IR SIS R i Wi s 6000 i - o o Vi L i P 11
N N N ]
e A B Rk H B b kb Bk b B b b b ok b b H Rk ke ok ok B e b b B bk ok kb Bk o bk A b T Rk b B Rk b b e Ak b Ak b i e Bk b ke b A b b e Wk b b o bk W B bk i Bk ok e ko b b kb Bk b b ek s bk b kb h o b b Bk B b b bl ke
B+ + + % Ak 1A+
EIEIE LD DR N I I R |
LR N R R R e
= f T e rFa o roand
FET P T PR Ak L e ddyy
by T ok d e kb e b bhodow
; BRI EE N N
._++++._.-+++-__+++r..+++-._......... - L I I I e |
+ H LI A L L LN L
111*111111111*111111111111111*1111141111ﬁ11111111.._..1__.._...__..1._.__..__..__..1.__.__.._...__..1._...._1__..__..._..__..._1._..__..__..1.1_-.._...__..11._..__..__..._..__...1_...__..__..1._1__..__..__..1__._...__..__.._...._1__..__..._..__..._...1__..__.._...1._..__..._..__..__....1._..__.._....__..1__..._..__..__...._.__..__.._...__..l....__..__.._....__..._..__..._..__...__..1__..__.._...__..._...1._..1111111Hiii1141111111111111111111111111*111111111 - LI L L L AL DL L L L L UL
CE D DR N D L
1111111111111111111111111 4 w e r hoyow o r sworr LW 3w nwd rwr e wdlrdw s e rs o ncword= woa F L - rFr R N W R L F N ram s 2L w1 momwrrn s wddwww e rn w3 kv w1 emww e wrwrdwyrd s " m Lo m e e rw wowwrdlwwrorrs dwoorLmL e rrasmgwrdwworrorn Ld w1 owr L nwwrrdw s Ldrnwrr 4w AL owoa wr ru = ardwwowr .....-.._._.l......_.._.._.-.._1....—_._.__....._.._.-....‘
- -
P L S S P
N N N NN
D L N
pP L I SE R
LR LI
A+ 4 11._....
__._. a 5 4
._.__.-.__...._._.._.._..'
AL
.v._. LI
+.1++
*ete + + 4
Sttt
E- + %1+
r + % FF I+
._.._.-._. __._..-.._.._.._.._.._.
0 P A, . R A . PO U, O 0 5 UG 0 0 V00 0 TR 0, Ot S el G, 0 o O B A" Bl 0, 0 G 00 0 . O, . D L . G S A 0 L, B W A0 i OO0 S V0 0 Wl W . o, ok 0 A S0 W O 20 V0 . L., O A S BV V. P, D0 B T . P A AT S e B 0 A 0 0 T . B A, ot S B 0O ., ot 0 A0 0 G V0, O 0 0 P 0 ok O B 0 P WAL 00, 0 o G 0 B 0, I o W - EFLLI
+ kb oA+
LI
+ k k+ + T
+ ok d P+ o+
LN
3 + & Y P+ +
L
) " .-.-.”_..__._.LL._..-I
- - -
R
-+ kA + +
+ kb + AT
L T
+ %1+
3 + % FF 4+
E P L
i 4 8§ o § o4 2 &oF B s a Wy EoE 4 R § oA & FE LE.JLlF | B S ELLLIaL g & § %R L4 L LlCoF.o & J K L LS 4 a2 R B2 y & &4 & & of§ & & T L g a4 & & F g 1 & I LI 8 - & & & &8 a8 T B & 2 48 ® & & F KL Foc f 4§ B 8 &L AL LW S E E &S i i i e e .n._.-.__-n.._._.-.-..-. r - AL DI RE B
. = - T
N -
r
tbbhlbbbbkbbbbltbbbhkibbhbebbkbbbblhbbb‘kbbbhkbb..._.-_......._..._..._.-........_..._.._...__.-.._....._..__.....-........_......._.-_......_..._..._..._.r.l..._..._..._.r..._..._.._...._.r......._..__..__.._.r..__......__..._._....._..._..._..._.r..._......._..__._..._..._..__..._.._.r.._...__..._.-.......__..._..._.-_.r......._..._.._.....l..__..._..__l..r..._..._..._.-......._...._..__.-..r..__..._..._..._._........_bbhkbbbhkbbbhlbbbbhbbbhlkbbbhkbbbb!bbbhrbbbblkbbb ‘. ..++++_-..__...++++._.
= L +F Y R+ o+
+ g - i A 4+ + F + 5+ + 4 F AL+ + 41 F 4+ A+ + %1 F T
.-...._"*_. 3 ) y L + *FE S
T 1 L] I b < 3 1 + 5 s aq . p 2R 3
.4 I B N
rd kb A h
-k d A4+
y st
Lt i ol i ik S ol Sl ol ol i i i i 3 O i i ol ik ot 3l il ol ol o ol - FEFFF P FFEF FF RS FF P F A FR A F RN F A AT S FFEFF SR FFFFErRFFF eSS F L 2 A A L i i Lt Y o i ol ol F A FrFFF L 3 i o i £ F o FrFF FFRFF F A N FF RN FFF AN FRFFF AR F AT F A F RS Ll i 3 i ol ol i i ol ol + %0+ + 4
ﬁizn++!'-++++f++r1r+++#.}f+"-+++‘-++++!+r+!1f++11}+++__.-..........—_r.-.......-._...........__1-........._..-......_.._..._............r..........___..........._...__-++_..__.-..........__-.........._.._.........__.l........._-.-............._._.........._..-..........__.._..........__.__.-......+._.-+++.__-.+...+a1f++q#r+++‘-++f!1+r+r.+++11}+++i-+++-1+++!-r++‘11++:}+++-}+++'1r+ * r AL
3 J L__ﬂ-__ +__ . L] PR ____n._....
' 5 n L r P 4 aTa ATy
. . y y y ., i ., . ._ A P
+ L + kY oA
i 4 + k d P+ o+
+ L B |
r . - + + Y F 4+
1 1 + +t+rr t+t+ 1
r 1 4 + % % F A
£ 1 a4 5 4 + % FFF
Bl L] + = n =y
oI d AT
Lo d ik o+ bdow S+ + bk o+ + ket d b+t + Fd b+ dF+ F A d A+ ddwt dkd A o+t b d++ +ddw o kb dh+ + ot d A A F+ hdh ot +ddw kbt drnr b dwd ++dhwd kAt A+ d bt L P d L A m b ow =+ + L + L 4 L+ b h v+ +dowd + kbt + + +d b A+ bk dw b+ dd A+ d wt + F+d A+ dw A b ow kbt +d A+ hh+++d NN

iii;;;iiiiﬂ;;i

Pl S i i Sl b i - T i - A o ] m o wd d kS .r._.l-l.l.—..—.l.l.ln..—.-t.l.l.—.n- gk d o mod L b ko o kot Lk ol how w i = b L d e w4+ - w ol Lon o how o d Fod w .l...n.l.l.—..—.;r.r.ll.—.n.l.l.—.._.r.l.'._.‘.n.l.l.—..—.- 4 b F ol ool w kol ko4 ] e o e e v w b o F L h = = I O I I - - ow
L d
qu .L..—.rl.f‘. + 0 h + + + % F + + + %01 + + + + 0 + + % + =4+ + + + + 01 © + + + " § 3+ + + FF + + + % b F + + % F 4+ 4 + + FAFFF+FFPFF R F PSS+ + =~ % FkF + F + + =4 7 + &+ + B A+ + LA FF R F TR F RS+ R P+ F + 4 &+ + 1 = + + =< 4 & + F I & % F + % b + + + % F + + + + F o + + + % F + + + % b+ + + % F ++ + + F+ + & & "5 F =+ + + 3 + + + + 1 & + + + 1

e ol

\

S

LLh

4

N W NN
=+ b & ¥ &

nor T

-1- el

=

HJ._“.&.“_ y _ii\iiiiiii;;i‘iii;iiiiii;i e g A b N b e iiiii;ii;i\;iﬂiiiiii;;

"L" J

- N [ ‘. A w4+ + d dwoh+d b+ ddwchF kdwwr Fd hwchoFd A A F Fd hhh ot A Adw o+ dw+ ok d kY F Fd rww o+ ddAdw+Fdwh o+ d b+ A dw o+t hwF ok dwh+ A s+ d &+ + + d w + + + b & 4+ F+dwow o+ +dwhhFdhwF+ +Fd hhF A dhh o+ d v b F oA + 4+ d b & & + & d A w + d d b+ h o+ d o hhF A hhh kA A F A+ dwFFFd b+ ddw okt ddwr+Fd dw okt dww A wh+ Fd hE o+ A .r + & d
e
L] +
EEEEEEEEEEﬁ bl el sl bl ~ EEEEEEF EEEEEEEEEEE
4 + + + +F F + + + F FF kA D+ P+ RS+ % b % F + + F F 4+ + o+ FFF+F P - PRt R+ R - N N N I A I R A I I N I N I I NI N NI I I I NI AN I ] LI N I I I I I I A I I A I N I A I I I N N I I N A I N I RN + & 01 & + & +

?

L



US 11,092,116 B1

Sheet 6 of 7

Aug. 17, 2021

U.S. Patent

++++++

fﬁ +._. el il o 3
_'... ....#_.tﬂl.._....} + r+.b”.£

.m.‘
et st S ]
#ﬁw’ff e , EE%. ] N‘u%%.‘t.\tu iﬁ%ﬁi iR n

ﬁ L. o . '.—.r...—. r-_ H + + r
X et i 'y _ -. .‘-‘.“i_ ".’ ...r.'b Y > e ]:1-[.. o o arear e " + -
f . A +* 4 o, Y rrf - * + + = - Hﬂlt:" B N " * ol -—.E i . o : 1 - . -
k , iAo KR RRRR RO e R b At
J s min) N AP oot . +%+-..1l1.‘+t.¢t..+ o
= LA -1 \._... +‘u.‘.1-+‘-i+ el \l 1+ 3




US 11,092,116 B1

Sheet 7 of 7

Aug. 17, 2021

U.S. Patent

c0f

+*

+
+ + +
+ + + + + + + + + +

+
+*
+

'E.---.

rﬁ‘"’t:

* + + + + + +

+ + + 4
+ + + + +

+ + + +

Ml
+ T+ +

+ + + + + + + +

+ + + + + + + + + *+ +

.—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—.

+ + + + + + + + + + + + + + + + +

+

+

Py,
o

bl

-
2
¢ Y".'Z

i
L
Ty

+

Vi

LI B B N N N NN BN

f

=3

+ + + + + + +

L
{79
I"l-

+

+*

+
+ + + + +

+ + + & + + + + + + + + + + 4+t +++++

L3100
i1

+ + + ¥+ + +

» o

+ + + + + + + + + + + + + + + + F + +

c

TR

0/



US 11,092,116 Bl

1

FUEL SYSTEM FOR INTERNAL
COMBUSTION ENGINE AND MARINE
OUTBOARD ENGINE

CROSS-REFERENC.

L1l

The present application claims priority to U.S. Provisional
patent Application No. 62/579,784, entitled “FUEL SYS-

TEM FOR INTERNAL COMBUSTION ENGINE AND
MARINE OUTBOARD ENGINE”, filed Oct. 31, 2017, the
entirety ol which 1s incorporated herein by reference.

TECHNICAL FIELD

The present technology relates to fuel systems for internal
combustion engines and more particularly to fuel systems
for marine outboard engines.

BACKGROUND

A typical gasoline-powered marine outboard engine has
an internal combustion engine for propelling the marine
outboard engine, the internal combustion engine having at
least one cylinder and at least one corresponding tuel
injector that injects gasoline into the at least one cylinder for

powering the engine.

(Gasoline 1s typically delivered to the fuel mjector(s) via a
fuel system that has two fuel pumps and a fuel vapor
separator. A first fuel pump of the two fuel pumps draws fuel
from a fuel tank and supplies it to the fuel vapor separator
when fuel in the fuel vapor separator drops below a certain
threshold detected by a sensor. Typically, the sensor 1s a float
sensor, but alternate types of sensor, such as electronic level
sensors, are possible. The first fuel pump 1s typically a low
cost, low-pressure, low precision, fuel pump. One example
of such a fuel pump 1s a conventionally known pulse pump.

A second fuel pump of the two fuel pumps delivers fuel
from the vapor separator to the fuel injector(s) of the internal
combustion engine. The second fuel pump 1s typically a
high-pressure pump that has a more complicated construc-
tion than the first fuel pump, which provides a higher fuel
delivery precision than the first fuel pump. The second tuel
pump 1s therefore typically more expensive than the first fuel
pump. The higher-precision fuel delivery of the second fuel
pump 1s used to maintain proper operation of the fuel
injector(s). More particularly, the higher-precision fuel
delivery of the second fuel pump 1s used to maintain the tlow
rate and pressure of the fuel supply at the fuel mjector(s) in
a range of flow rates and pressures that 1s required by the fuel
injector(s).

Not all the fuel pumped to the 1njector(s) 1s consumed by
the internal combustion engine. A portion of the fuel pumped
to the mjector(s) 1s allowed to flow past and thereby cool the
tuel injector(s). In some systems, tuel 1s returned to the tuel
vapor separator from the injector(s) and this returned fuel 1s
typically warmer than fuel delivered to the fuel vapor
separator from the fuel tank. Such returned fuel is therefore
more volatile than cooler fuel, and may be foamy. Fuel 1n the
tuel vapor separator, and especially the warmer fuel 1n the
tuel vapor separator, produces fuel vapor. Fuel vapor 1is
typically vented from a top part of the fuel vapor separator
to the internal combustion engine’s air intake, where 1t 1s
consumed during the internal combustion engine’s opera-
tion.

One example of a conventional fuel system for a marine

outboard engine 1s taught by U.S. Pat. No. 6,257,208.
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Another example of a conventional fuel system for a marine
outboard engine 1s taught by U.S. Pat. No. 4,722,708.

Conventional fuel systems are suitable for their intended
purposes. However, 1n one aspect, conventional fuel systems
are relatively expensive because they have two fuel pumps,
one of which 1s typically a high precision fuel pump and
therefore expensive.

Theretfore, there 1s a desire to reduce marine outboard
engine cost.

SUMMARY

It 1s an object of the present technology to ameliorate at
least some of the inconveniences present in the prior art.

For the purposes of this document, the term “conduit”
refers to a notional tluid connection and 1s defined by at least
one physical line and/or other components that define at
least one fluid conduit (such as a fuel pump, a fuel filter, a
valve, and the like). For example, in some embodiments, a
tuel “conduit” that connects points A and B i1s defined by a
single (physical) fuel line connecting the points A and B. As
another example, 1n some embodiments, the fuel “conduit”
1s defined by two (physical) fuel lines interconnected 1n
series or parallel, and connecting the points A and B. In other
examples, the fuel “conduit” could also be defined by more
than two (physical) fuel lines interconnected 1n series,
parallel, or a combination of series and parallel, and con-
necting the points A and B.

In turn, for the purposes of this document, the term “line”
refers to a physical line for conveying a flmd, such as
gasoline or fuel vapor. One example of a fuel line 15 a fuel
hose. Another example of a fuel line 1s a plastic tube.

For the purposes of this document, the term “gas”™ refers
to fuel vapor alone, air alone, or a combination of fuel vapor
and air. It 1s to be understood that the gas can also include
water vapor and other constituents.

For the purposes of this document, the term “tluid” refers
to a gas alone, a liquid (such as gasoline) alone, or a
combination of one or more gases and one or more liquids.

According to one aspect of the present technology, there
1s provided a fuel system for an internal combustion engine,
the internal combustion engine being for use with a fuel tank
and having a fuel 1njector, the fuel mnjector having an ijector
inlet for receiving a fuel supply and an 1njector outlet 1n fluid
communication with the imjector inlet for recirculating at
least some of the fuel supply recerved by the injector inlet
when the internal combustion engine operates.

The fuel system includes a fuel vapor separator, a fuel
supply conduit, an injector condut, a fuel return conduit,
and a vapor return condut. A first end of the fuel supply
conduit 1s fluidly connected to the fuel vapor separator. A
second end of the fuel supply conduit 1s fluidly connectable
to the fuel tank for supplying fuel from the fuel tank to the
fuel vapor separator. A first end of the imjector conduit 1s
fluidly connected to the fuel vapor separator. A second end
ol the 1njector conduit 1s fluidly connectable to the mjector
inlet for supplying fuel from the fuel vapor separator to the
injector inlet. A first end of the fuel return conduit 1s fluidly
connectable to the fuel tank. A second end of the fuel return
conduit 1s flmdly connectable to the injector outlet for
returning fuel from the 1njector outlet to the fuel tank. A first
end of the vapor return conduit 1s fluidly connected to the
fuel vapor separator. A second end of the vapor return
conduit 1s fluidly connectable to the fuel tank.

In some embodiments, the fuel system further includes a
tuel pump fluidly connected to the fuel supply conduit. The
tuel pump 1s operable to supply fuel from the fuel tank to the
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tuel vapor separator via the fuel supply conduit when the
second end of the fuel supply conduit 1s fluidly connected to
the fuel tank.

In some embodiments, the fuel pump 1s the only fuel
pump of the fuel system.

In some embodiments, the fuel pump 1s flmdly within the
tuel supply conduait.

In some embodiments, the fuel pump 1s a pulse pump.
In some embodiments, the fuel system includes the fuel
tank, the second end of the fuel supply conduit 1s fluidly
connected to the fuel tank, and the fuel tank has a pressure
reliet valve operable to release fuel vapor pressure 1n the fuel
tank to ambient air when the fuel vapor pressure reaches a
first predetermined pressure threshold.

In some embodiments, the fuel system includes a check
valve positioned in the vapor return conduit. The check
valve prevents fluid flow through the check valve 1 a fluid
direction from the fuel tank toward the tuel vapor separator.
The check valve prevents fluid tlow through the check valve
in a fluid direction from the fuel vapor separator toward the
tuel tank when fluid pressure in the vapor return conduit
fluidly upstream of the check valve 1s below a second
predetermined pressure threshold. In another aspect, the
check valve permits tluid flow through the check valve 1n the
fluid direction from the fuel vapor separator toward the fuel
tank when fluid pressure in the vapor return conduit tfluidly
upstream of the check valve 1s above the second predeter-
mined pressure threshold.

In some embodiments, the vapor return conduit includes
a vapor return line fluidly upstream of the check valve, a
terminal opening in one end of the vapor return line defines
the first end of the vapor return conduit, and the terminal
opening 1n the one end of the vapor return line 1s located 1n
the fuel vapor separator.

In some embodiments, the vapor return conduit and the
tuel return conduit fluidly overlap at least 1n part.

In some embodiments, the fuel return conduit includes a
tuel return line and the vapor return conduit includes a vapor
return line physically connected to the fuel return line.

In some embodiments, the vapor return conduit icludes
a vapor return line, the fuel supply conduit includes a tuel
line, and the vapor return line 1s located within the fuel line.

In some embodiments, the fuel system includes a fuel
filter fluidly positioned 1n the fuel supply conduit, the vapor
return conduit includes a vapor return line, the fuel supply
conduit includes a fuel line, and the vapor return line is
within the tuel line at least between the fuel filter and the fuel
tank.

In some embodiments, the fuel vapor separator includes
an clongate body that defines a pressurizable fuel chamber
therein, and the fuel chamber 1s structured to have a column
of gas 1n a top part of the fuel chamber when the fuel system
operates.

In some embodiments, a terminal opeming at the first end
of the fuel supply conduit 1s within the fuel chamber and 1s
located at a first height measured from a bottom surface of
the fuel chamber, a terminal opening at the first end of the
injector conduit 1s within the fuel chamber and 1s located at
a second height measured from the bottom surface of the
tuel chamber, a terminal opeming at the first end of the vapor
return conduit 1s within the fuel chamber and 1s located at a
third height measured from the bottom surface of the fuel
chamber, the second height 1s smaller than the first height,
and the third height 1s greater than the first height.

According to another aspect of the present technology,
there 1s provided a marine outboard engine. The marine
outboard engine includes an internal combustion engine
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having a crankshaft, a fuel ijector, the fuel 1injector having
an 1jector inlet for receiving a fuel supply and an injector
outlet 1n fluid communication with the injector inlet for
recirculating at least some of the fuel supply recerved by the
injector inlet when the internal combustion engine operates.

The marine outboard engine also includes a driveshait
having a first end connected to the crankshait, and a second
end opposite the first end; a transmission connected to the
second end of the driveshatt to be driven by the driveshaft;
an output shait having a first end connected to the transmis-
sion to be selectively driven by the transmission, and a
second end opposite the first end; a rotor connected to the
second end of the output shaft to driven by the output shait
for propelling the marine outboard engine; and a fuel vapor
separator.

In another aspect, the marine outboard engine also
includes a fuel supply conduit, an injector conduit, a fuel
return conduit, and a vapor return conduit. A first end of the
tuel supply conduit 1s fluidly connected to the fuel vapor
separator. A second end of the fuel supply conduit 1s fluidly
connectable to the tuel tank for supplying fuel from the fuel
tank to the fuel vapor separator. A first end of the injector
conduit 1s fluidly connected to the fuel vapor separator.

Also, a second end of the injector conduit 1s fluidly
connected to the injector inlet for supplying fuel from the
fuel vapor separator to the injector inlet. A first end of the
fuel return conduit 1s fluidly connectable to the fuel tank. A
second end of the fuel return conduit 1s fluidly connected to
the 1njector outlet for returning fuel from the mjector outlet
to the fuel tank. A first end of the vapor return conduit 1s
fluidly connected to the fuel vapor separator. A second end
of the vapor return conduit 1s fluidly connectable to the fuel
tank.

In some embodiments, the marine outboard engine further
includes a fuel pump fluidly connected to the fuel supply
conduit to be operable to supply fuel from the fuel tank to
the fuel vapor separator via the fuel supply conduit when the
second end of the fuel supply conduit 1s fluidly connected to
the fuel tank.

In some embodiments, the fuel pump i1s the only fuel
pump ol the marine outboard engine.

In some embodiments, the fuel pump 1s fluidly within the
fuel supply conduit.

In some embodiments, the fuel pump 1s a pulse pump.

In some embodiments, the marine outboard engine
includes the fuel tank, the second end of the fuel supply
conduit 1s fluidly connected to the fuel tank, and the fuel tank
has a pressure relief valve operable to release fuel vapor
pressure 1n the fuel tank to ambient air when the fuel vapor
pressure reaches a first predetermined pressure threshold.

In some embodiments, the marine outboard engine
includes a check valve positioned 1n the vapor return con-
duit. The check valve prevents fluid flow through the check
valve 1n a flmd direction from the fuel tank toward the fuel
vapor separator. The check valve also prevents fluid flow
through the check valve 1n a fluid direction from the fuel
vapor separator toward the fuel tank when fluid pressure in
the vapor return conduit fluidly upstream of the check valve
1s below a second predetermined pressure threshold. The
check valve also permits fluid flow through the check valve
in the fluid direction from the fuel vapor separator toward
the fuel tank when fluid pressure 1n the vapor return conduit
fluidly upstream of the check valve 1s above the second
predetermined pressure threshold.

In some embodiments, the vapor return conduit includes
a vapor return line fluidly upstream of the check valve, a
terminal opening in one end of the vapor return line defines
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the first end of the vapor return conduit, and the terminal
opening 1n the one end of the vapor return line 1s located 1n
the fuel vapor separator.

In some embodiments, the vapor return conduit and the
tuel return conduit fluidly overlap at least 1n part.

In some embodiments, the fuel return conduit includes a
tuel return line and the vapor return conduit includes a vapor
return line physically connected to the tuel return line.

In some embodiments, the vapor return conduit includes
a vapor return line, the fuel supply conduit includes a tuel
line, and the vapor return line 1s located within the fuel line.

In some embodiments, the marine outboard engine
includes a fuel filter fluidly positioned 1n the fuel supply
conduit, the vapor return conduit includes a vapor return
line, the fuel supply conduit includes a fuel line, and the
vapor return line 1s within the fuel line at least between the
tuel filter and the fuel tank.

In some embodiments, the fuel vapor separator includes
an clongate body that defines a pressurizable fuel chamber
therein, and the fuel chamber 1s structured to have a column
of gas 1n a top part of the fuel chamber when the internal
combustion engine operates.

In some embodiments, a terminal opeming at the first end
of the fuel supply conduit 1s within the fuel chamber and 1s
located at a first height measured from a bottom surface of
the fuel chamber; a terminal opening at the first end of the
injector conduit 1s within the fuel chamber and 1s located at
a second height measured from the bottom surface of the
tuel chamber; a terminal opening at the first end of the vapor
return conduit 1s within the fuel chamber and 1s located at a
third height measured from the bottom surface of the fuel
chamber; the second height 1s smaller than the first height;
and the third height 1s greater than the first height.

In some embodiments, the elongate body extends at least
in part parallel to the driveshatt.

In some embodiments, the fuel vapor separator 1s posi-
tioned relative to the internal combustion engine such that
when the marine outboard engine 1s attached to a transom of
a watercralt 1n a body of water and 1s 1n an in-use position,
at least a part of the fuel vapor separator 1s submerged 1n the
body of water.

In some embodiments, the elongate body 1s located below
the crankshaft and above the output shaft.

The foregoing examples are non-limiting.

For purposes of this application, terms related to spatial
orientation such as forward, rearward, upward, downward,
left, and right, should be understood 1n a frame of reference
where the propeller position corresponds to a rear of the
marine outboard engine. Terms related to spatial orientation
when describing or referring to components or sub-assem-
blies of the engine separately from the engine should be
understood as they would be understood when these com-
ponents or sub-assemblies are mounted to the engine, unless
specified otherwise 1n this application.

Implementations of the present technology each have at
least one of the above-mentioned object and/or aspects, but
do not necessarily have all of them. It should be understood
that some aspects of the present technology that have
resulted from attempting to attain the above-mentioned
object may not satisty this object and/or may satisty other
objects not specifically recited herein.

Additional and/or alternative features, aspects and advan-
tages of 1mplementations of the present technology will
become apparent from the following description, the accom-

panying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present technology, as
well as other aspects and further features thereof, reference
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1s made to the following description which 1s to be used 1n
conjunction with the accompanying drawings, where:

FIG. 1 1s a nnght side elevation view of a marine outboard
engine, with fuel lines omitted to maintain clarty;

FIG. 2 1s a night side elevation, partial sectional view of
the marine outboard engine of FIG. 1, taken along a central
longitudinal vertical plane passing through the marine out-
board engine;

FIG. 3 1s a perspective, partial sectional view of a fuel
vapor separator of the marine outboard engine of FIG. 1;

FIG. 4 1s a perspective view of the fuel vapor separator of
the marine outboard engine of FIG. 1;

FIG. § 1s a right side elevation, cross-sectional view of a
midsection of the marine outboard engine of FIG. 1, taken
along a central longitudinal vertical plane passing through
the midsection of the marine outboard engine;

FIG. 6 1s a perspective, partial sectional view of the
midsection of the marine outboard engine of FIG. 1; and

FIG. 7 1s a schematic showing a fuel system of the marine

outboard engine of FIG. 1, including the fuel lines omaitted
from FIG. 1.

DETAILED DESCRIPTION

The present technology 1s described with reference to 1ts
use 1n a marine outboard engine 100 that 1s used to propel
a watercrait. It 1s contemplated that the present technology
could have other uses, including a use 1n other small engine
applications.

To maintain clarity of this description, fuel lines of the
marine outboard engine 100 have been omitted from FIGS.
1 to 6. The fuel lines and other components of a fuel system
700 of the marine outboard engine 100 are instead shown
schematically 1n FIG. 7 and are described 1n more detail later
in this document. In the embodiment described 1n FIGS. 1 to
7, all of the fuel lines are conventionally known marine-
grade fuel hoses. It 1s contemplated that the fuel lines could
be any other suitable fuel lines.

Now referring to FIG. 1, the marine outboard engine 100
includes an engine assembly 102 for powering the marine
outboard engine 100, a mid-section 104, a gearcase 106, a
skeg portion 108 and a propeller 110 (shown in phantom
lines 1n FIG. 1).

A stern bracket 112 and a swivel bracket 114 are used to
mount the marine outboard engine 100 to a watercraft. The
stern bracket 112 1s attachable to a watercrait and can take
vartous forms, the details of which are conventionally
known. The swivel bracket 114 pivotally connects to the
stern bracket 112 to allow for changes in the tilt/trim of the
marine outboard engine 100, The mid-section 104 pivotally
connects to the swivel bracket 114 to allow for steering of
the marine outboard engine 100. It 1s contemplated that any
other mechanism could be used for mounting the marine
outboard engine 100 onto a watercratt.

In the implementation shown n FIG. 1, a tiller 116 1s
connected to the swivel bracket 114 and provides a lever
used for manually steering of the marine outboard engine
100. The tiller 116 1s rotationally fastened to the swivel
bracket 114 such that 1t can be raised for ease of handling
and transportation. The tiller 116 includes a handle 118 in the
form of a twist grip used as throttle control as 1n most
conventional small marine outboard engines.

The tiller 116 also 1includes a shift lever 120 for selecting,
a forward, neutral or reverse gear of a transmission 122
(housed 1n a gearcase chamber 123 defined 1n the gearcase
106, as shown schematically in FIG. 1) of the marine
outboard engine 100. It 1s contemplated that the tiller 116
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could be any other tiller. It 1s also contemplated that the tiller
116 could be omitted and that the marine outboard engine
100 could be steered using a steering wheel connected to a
cable, hydraulic, electric or a combination steering system.
It 1s contemplated that the throttle of the marine outboard
engine 100 and the transmission 122 could be controlled by
one or more levers disposed near the steering wheel.

The marine outboard engine 100 has a cowling 124. The
cowling 124 surrounds and protects the engine assembly
102. In the present embodiment, the engine assembly 102 1s
covered 1 part by the cowling 124. The cowling 124
includes an upper motor cover assembly 126 and a lower
motor cover 128.

The upper motor cover assembly 126 and the lower motor
cover 128 are made of molded plastic, but could also be
made of metal, composite or the like. The lower motor cover
128 and/or other components of the cowling 124 can be
formed as a single piece or as several pieces. For example,
the lower motor cover 128 can be formed as two lateral
pieces mating along a vertical joint. The lower motor cover
128 15 also made, 1n part, of molded plastic, but could also
be made of metal, composites or the like. One suitable
composite 1s a sheet molding compound (SMC) which 1s
typically a fiberglass reinforced sheet molded to shape.

A seal (not shown) 1s disposed between the upper motor
cover assembly 126 and the lower motor cover 128 to form
a watertight connection. One or more locking mechanisms
(not shown) are provided on at least one of the sides and/or
at the front and/or back of the cowling 124 to lock the upper
motor cover assembly 126 onto the lower motor cover 128.

The upper motor cover assembly 126 includes an air
intake portion 130 (shown schematically in FIG. 1) formed
as a recessed portion on the rear of the cowling 124. The air
intake portion 130 1s configured to allow the entry of air but
prevent the entry of water 150 into the interior of the
cowling 124 and then into the engine assembly 102. Such a
configuration can include a tortuous path for example.

It 1s contemplated that the air intake portion 130 could be
defined elsewhere on the cowling 124. The upper motor
cover assembly 126 also defines an aperture (not shown)
against which a handle 132 of a manual start assembly (not
shown) 1s received. In the present embodiment, the manual
start assembly 1s a rope-pull start assembly and will not be
described herein 1n detail. It 1s contemplated that the marine
outboard engine 100 could have an electric start assembly
(not shown) 1n addition to or in substitution of the manual
start assembly.

The engine assembly 102 1ncludes an internal combustion
engine 134. In the present embodiment, the internal com-
bustion engine 134 1s a two-stroke, gasoline-powered, direct
injected internal combustion engine. It 1s contemplated that
the internal combustion engine 134 could be a four-stroke
direct injected internal combustion engine. It 1s contem-
plated that the internal combustion engine 134 could use a
fuel other than gasoline, such as diesel.

A driveshait 144 (shown schematically in FIG. 1) of the
marine outboard engine 100 1s connected to a crankshaft 139
of the internal combustion engine 134. The driveshait 144
extends downward from the mternal combustion engine 134
through the mid-section 104 and into the gearcase 106. The
mid-section 104 extends downward from the engine assem-
bly 102 to the gearcase 106 and connects the engine assem-
bly 102 to the gearcase 106.

The propeller 110 1s mounted onto a output shaft 145 that
1s rotationally supported by the gearcase 106 and extends
rearward out of the gearcase chamber 123. The transmission
122 selectively couples the driveshatt 144 to the output shaift
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145 for transferring power from the internal combustion
engine 134 to the propeller 110 to propel the marine out-
board engine 100. In the present embodiment, the transmis-
sion 122 1s a mechanical outboard transmission that 1s
operable by the shift lever 120. It 1s contemplated that the
transmission 122 could be operated by a different mecha-
nism (in which case the marine outboard engine 100 would
have the different mechanism instead of the shift lever 120).
It 1s contemplated that the marine outboard engine 100 could
have any other transmission.

Reference 1s now made to FIG. 2. When the internal
combustion engine 134 operates, 1t produces exhaust fumes.
To this end, an exhaust conduit 136 connects an exhaust port
138 of the internal combustion engine 134 to an exhaust
outlet 140 defined 1n a propeller hub 142 (schematically
shown 1n FIGS. 1 and 2) of the propeller 110.

In the present embodiment, and as schematically shown 1n
FIG. 2, the exhaust conduit 136 extends from the exhaust
port 138, downward through the mid-section 104, along the
output shaft 145, through the propeller hub 142, and termi-
nates at the exhaust outlet 140. It 1s contemplated that the
exhaust conduit 136 could be routed differently. It 1s also
contemplated that the exhaust outlet 140 could be defined
clsewhere 1n the marine outboard engine 100.

In the present embodiment, the internal combustion
engine 134 has a single cylinder 135 (shown schematically
in FIG. 2) and a single conventionally known fuel injector
137 that directly injects fuel into the smgle cylinder 135 of
the 1internal combustion engme 134. It 1s contemplated that
the mternal combustion engine 134 could have more than
one cylinder 135 and/or more than one fuel mjector 137. It
1s Turther contemplated that the imnternal combustion engine
134 could be other than a direct injected engine.

The marine outboard engine 100 includes a fuel vapor
separator 146 for, inter alia, deaerating and delivering fuel to
the fuel injector 137. Referring now to FIGS. 3 to 6, in the
present embodiment, the fuel vapor separator 146 has a
metallic wall 300 that defines an elongate body. In the
present embodiment, the elongate body 1s an elongate cyl-
inder 301 having a circular cross-section. It 1s contemplated
that the elongate body could have other shapes.

As best shown 1n FIGS. § and 6, the elongate cylinder 301
1s mounted alongside the exhaust conduit 136 1n the mid-
section 104 of the marine outboard engine 100, parallel to
the exhaust conduit 136. It 1s contemplated that the elongate
cylinder 301 need not be parallel to the exhaust conduit 136.
In another aspect, the elongate cylinder 301 1s located below
the crankshait 139 of the internal combustion engine 134
and above the output shaft 145.

As best shown 1n FIG. 3, the elongate cylinder 301 has an
aperture 302 defined 1ts bottom end. The aperture 302 1is
closed by a plastic plug 304 that is pressed into the aperture
302. A conventionally known seal (not shown) 1s disposed
radially between the plug 304 and a part of the wall 300 that
defines the aperture 302. The seal thereby fluidly seals the
bottom end of the fuel vapor separator 146. It 1s contem-
plated that the bottom end of the elongate cylinder 301 could
be fluidly sealed using any other suitable construction of the
plug 304 and/or the wall 300. For example, the wall 300 and
the plug 304 could be provided with correspondmgly
threaded surfaces for retaining the plug 304 in the aperture
302, or the plug 304 could be glued, welded or otherwise
ﬁxed in place. The wall 300 could also define the elongate
cylinder 301 as a cylinder open at its top end and closed at
its bottom end.

In another aspect, the elongate cylinder 301 of the fuel
vapor separator 146 has another aperture 306 defined 1ts top
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end. A circumierential groove 1s defined on an inner side of
the wall 300 1n the aperture 306. A plastic plug 308 has a
circumierential projection and 1s press fitted into the aper-
ture 306 such that the circumierential projection 1s mateably
received in the circumierential groove 1n the wall 300 and 5
thereby tluidly seals the interface the wall 300 and the plastic
plug 308. It 1s contemplated that this interface could be
fluidly sealed using any other suitable construction, such as
those mentioned above. It 1s also contemplated that the plugs
304, 308 and/or the wall 300 could be made of any other 10
suitable material(s).

The wall 300 of the fuel vapor separator 146 and the plugs
304, 308 define a fuel chamber 318 (inside the elongate
body). The (top) plug 308 has three fluid connectors 310,
312, 314 defined therethrough. Each of the fluid connectors 15
310, 312, 314 fluidly connects to the fuel chamber 318.

As schematically shown 1n FIG. 7, fuel 1s supplied to the
tuel chamber 318 from a fuel tank 702. More particularly, 1n
the present embodiment, a first fuel line 704 fluidly connects
the tuel tank 702 to a fuel filter 706. A second fuel line 708 20
fluidly connects the tuel filter 706 to a fuel pump 710. A third
tuel line 712 fluidly connects the tuel pump 710 to a top end
of the fluid connector 310. A fourth fuel line 714 1s fludly
connected to a bottom end of the fluid connector 310 and
extends downward 1nto the fuel chamber 318 to a first height 25
716 measured from a bottom surface of the fuel chamber
318.

While the internal combustion engine 134 operates, the
tuel pump 710 supphes fuel from the fuel tank 702 to the
tuel chamber 318 via the first fuel line 704, the fuel filter 30
706, the second fuel line 708, the third fuel hne 712, the fluid
connector 310 and the fourth fuel line 714. In other words,
the first fuel line 704, the fuel filter 706, the second fuel line
708, the third fuel line 712, the fluid connector 310 and the
fourth fuel line 714 define a fuel supply conduit 715, It 1s 35
contemplated that the fuel supply conduit 7135 could be
defined by different elements, such as other and/or additional
tuel lines.

In the present embodiment, the fuel tank 702 1s a con-
ventional marine outboard engine fuel tank that has a fuel 40
vapor pressure relief valve 703 for relieving pressure of fuel
vapor 1n the fuel tank 702. The fuel vapor pressure relief
valve 703 opens and thereby fluidly connects the fuel tank
702 to ambient air when pressure of fuel vapor 1n the tuel
tank 702 exceeds 5 pounds-per-square-inch (“psi1”). It 1s 45
contemplated that a different fuel tank and/or a different
vapor pressure relief valve 703 could be used.

In the present embodiment, the fuel filter 706 1s a con-
ventionally known marine outboard engine fuel filter that
has a primer bulb for priming the fuel system 700 of the 50
internal combustion engine 134 to prepare the internal
combustion engine 134 for a cold start. It 1s contemplated
that a different fuel filter could be used and/or that the primer
bulb could be located elsewhere within the fuel system 700.

In the present embodiment, the fuel pump 710 1s a 55
conventionally known pulse pump that 1s driven by crank-
case pressure of the internal combustion engine 134 and
generates fifteen ps1 of pressure. It 1s contemplated that the
tuel pump 710 could be place elsewhere 1n the fuel system
700. It 1s also contemplated that the fuel pump 710 could be 60
any other suitable fuel pump and could be selected to
provide any other suitable pumping pressure, depending on
the particular embodiments of the other components of the
fuel system of the marine outboard engine 100. In one
example, the tuel pump 710 could be an electric pump 65
positioned within the chamber 318 of the vapor separator
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Fuel supplied to the fuel chamber 318 deaerates 1n the fuel
chamber 318, and 1s supplied from a bottom of the fuel
chamber 318 to an injector inlet 724 of the tuel injector 137.
To this end, a fifth fuel line 718 1s fluidly connected to a
bottom end of the fluid connector 312 and extends down-
ward 1nto the fuel chamber 318 to a second height 720
measured from the bottom surface of the fuel chamber 318.
A sixth fuel line 722 fluidly connects a top end of the fluid
connector 312 to the injector inlet 724.

In the present embodiment, the second height 720 1s a
lowest point 1n the fuel chamber 318. This reduces risk of
supplying the injector inlet 724 with fuel that contains air
bubbles and/or vapor bubbles (which are more likely to be
present fuel 1 an upper half of the fuel chamber 318 than in
a lower half of the fuel chamber 318) during normal opera-
tion. In some embodiments, the second height 720 could be
higher than the lowest point in the fuel chamber 318.

During operation of the internal combustion engine, the
tuel pump 710 supplies fuel to the tuel chamber 318 and
thereby pressurizes the fuel chamber 318. Fuel from the fuel
chamber 318 1s, 1n turn, supplied from the fuel chamber 318
to the mjector 1nlet 724 via the fifth fuel line 718, the fuel
connector 312 and the sixth fuel line 722. In other words, the

fifth fuel line 718, the fuel connector 312 and the sixth fuel
line 722 define an injector conduit 723 that supplies fuel
from the fuel chamber 318 to the injector nlet 724. It 1s
contemplated that the 1njector conduit 723 could be defined
by different elements, such as other and/or additional fuel
lines.

To prevent or at least reduce short-circuiting of fuel
between the fuel supply conduit 715 and the 1injector conduit
723, the second height 720 and the first height 716 are
selected such that a bottom of the injector conduit 723 and
a bottom end of the fuel supply conduit 715 (in the fuel
chamber 318) are sufliciently far apart from each other (in
the present embodiment, 1n a height direction). More par-
ticularly, the spacing is selected to prevent or at least reduce
fuel entering the fuel chamber 318 from the fuel supply
conduit 715 from short circuiting the fuel vapor separator
146 by flowing directly from the bottom end of the fuel
supply conduit 715 to the bottom end of the injector conduit
723.

In another aspect, some of the fuel supplied to the fuel
injector 137 1s recirculated back to the fuel tank 702. To this
end, the fuel injector 137 has an 1njector outlet 726 1n fluid
communication with the injector inlet 724 for recirculating
some of the fuel supply received by the 1injector inlet 724, for
cooling the fuel injector 137. A seventh fuel line 728 fluidly
connects the mjector outlet 726 to a top end of a Y-connector
738. An eighth fuel line 741 1s flmdly connected to a bottom
end of the Y-connector 738 and extends downwards to the
fluid connector 314. A ninth fuel line 730 extends downward
from the fluid connector 314 into the fuel chamber 318 of the
tuel vapor separator 146 to a third height 732 measured from
the bottom surface of the fuel chamber 318.

A tenth fuel line 734 fluidly connects the Y-connector 738
to a check valve 736 and an eleventh fuel line 740 fluidly
connects the check valve 736 to the fuel tank 702. Fuel
recirculated by the fuel injector 137 flows from the njector
outlet 726 into the fuel tank 702 via the seventh fuel line
728, the Y-connector 738, the check valve 736 and the
eleventh fuel line 740. In other words, the seventh fuel line
728, the Y-connector 738, the check valve 736 and the
cleventh fuel line 740 define a fuel return conduit 731 that
returns some of the fuel supplied to the mjector inlet 724
back to the fuel tank 702. It 1s contemplated that the fuel
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return conduit 731 could be defined by different elements,
such as other and/or additional fuel lines.

In the present embodiment, about 50% of the fuel supply
to the injector inlet 724 1s consumed by the internal com-
bustion engine 134 when operating at maximum throttle
(also referred to as “wide open throttle™), while the remain-
ing 50% 1s recirculated back to the fuel tank 702. At
mimmum throttle (also referred to as “idle’), about 1% of
the tuel supply to the ijector inlet 724 1s consumed and 99%
1s recirculated back to the fuel tank 702. It 1s contemplated
the proportion between the rate of fuel consumption and the
rate of fuel recirculation could be diflerent depending on, for
example, each particular embodiment of the internal com-
bustion engine 134 and each particular embodiment of the
tuel mnjector 137.

To help reduce production of fuel vapor within the fuel
vapor separator 146, it 1s positioned relative to the engine
assembly 102 such that when the marine outboard engine
100 1s attached to a transom 148 (shown schematically 1n
FIG. 1) of a watercrait (not shown) 1n a body of water 150
and 1s 1n an 1n-use position, at least a part of the fuel vapor
separator 146 1s submerged in the body of water 150 (as
shown 1n FIG. 1).

The at least partial submergence of the fuel vapor sepa-
rator 146 1n the body of water 150 cools fuel 1n the fuel
chamber 318 when the marine outboard engine 100 is 1n use.
This helps reduce fuel vapor production in the fuel chamber
318.

In another aspect, dining operation of the internal com-
bustion engine 134, fuel fills the fuel chamber 318 to the
bottom end of the ninth fuel line 730 and creates a fuel
column 1n the fuel chamber 318, the fuel column having the
third height 732. To ensure that the fuel column that waill
cover the terminal opening (which 1s 1n the fourth fuel line
714 at the first height 716) of the fuel supply conduit, the
third height 732 1s selected to be greater than the first height
716. In some applications, this will reduce splashing of tuel
entering the fuel chamber 318 from the fuel supply conduat.
In turn, reduced splashing will also reduce fuel vapor
production 1n at least some operating conditions.

Additionally, a conventionally known foam block 733 1s
disposed inside the fuel chamber 318. The foam block 733
turther helps reduce splashing of fuel inside the fuel cham-
ber 318. It 1s contemplated that 1n some embodiments, the
toam block 733 could be larger or smaller than 1llustrated 1n
FIG. 7, or omitted entirely.

The fuel vapor produced by fuel 1n the fuel chamber 318
and pumped nto the fuel chamber 318 from the fuel tank
702 accumulates 1n a column of gas that 1s trapped in the tuel
chamber 318 above the column of fuel 1n the fuel chamber
318. As more vapor accumulates, 1t pushes the fuel down,
lowering the height of the fuel column and exposing the
bottom end of the ninth fuel line 730, which 1n turn allows
vapor to escape through a vapor return conduit 739 formed
by the ninth fuel line 730, the fluid connector 310, the eighth
fuel line 741, the Y-connector 738, the check valve 736 and
the eleventh fuel line 740.

In the present embodiment, the outlet of the Y-connector
738 1n fluid communication with the fuel chamber 318 is
sized to have a smaller diameter than the inlet of the
Y-connector 738. This restriction, which could be positioned
in the eighth fuel line 741, the fluid connector 314 or the
ninth fuel line 730, 1s smaller than the diameter of the
injector conduit 723 and therefore acts to maintain fluid
pressure at the injector inlet 724 and prevents fuel from
flowing from the fuel chamber 318 to the injector outlet 726.
It 1s contemplated that a restriction, such as the smaller
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diameter of the main outlet of the Y-connector 738, would
not be required where, for example, the diameter of the
seventh fuel line 728 downstream of the Y-connector 738
would have a suitably-reduced diameter.

In the present embodiment, a part of the eleventh fuel line
740 extends through the fuel filter 706 into the fuel line 704,
and extends inside the fuel line 704 to the fuel tank 702.

In the present embodiment, and as shown schematically 1n
FIG. 7, a part of the eleventh fuel line 740 extends 1nside the
tuel line 704 through the whole length of the fuel line 704
and exits the fuel line 704 into the tuel tank 702. In some
embodiments, the eleventh fuel line 740 extends inside a
part of the length of the fuel line 704. In some embodiments,
the eleventh fuel line 740 does not pass through the fuel filter
706.

In many jurisdictions, lines used to transport fuel
(whether 1n liquid or vapor form) within a vessel, such as
between a fuel tank and an outboard engine, must meet strict
regulations and are therefore very expensive. Therefore, in
at least some jurisdictions, extension of the eleventh fuel line
740 1nside the fuel line 704 allows the part of the eleventh
tuel line 740 that 1s inside the fuel line 704 to be a relatively
lower-grade fuel line (and therefore cheaper) than the fuel
line 704, while ensuring safety and maintaining compliance
with applicable regulations. It 1s contemplated that all of the
cleventh fuel line 740 could be positioned completely out-
side of the fuel line 704, in which case, 1n at least some
jurisdictions, all of the eleventh fuel line 740 would need to
meet the same regulations (1f any apply) as the fuel line 704.

In the present embodiment, the check valve 736 i1s a
conventionally known check valve that permaits flow of fluid
(which could be fuel and/or fuel vapor and/or air) from the
tuel chamber 318 toward the fuel tank 702 when pressure of
fluid 1n the tenth fuel line 734 (and therefore also 1n the
vapor return conduit 739 fluidly upstream of the check valve
736) 1s above a predetermined pressure threshold of the
check valve 736.

In the present embodiment, the check valve 736 1s
selected such that the predetermined pressure threshold 1s
equal to the pressure of the fuel pump 710 (1.e. fifteen ps1).
Therefore, when pressure of fluid 1n the tenth fuel line 734
exceeds fifteen psi, the check valve 736 opens and fluid 1n
the tenth fuel line 734 flows through the check valve 736
toward the fuel tank 702. In other words, in the present
embodiment, the tenth fuel line 734, the check valve 736,
and the eleventh fuel line 740 define the vapor return conduait
739. The vapor return conduit 739 fluidly connects the fuel
chamber 318 to the fuel tank 702 when the check valve 736
1S open.

By opening at the predetermined pressure threshold, the
check valve 736 relieves pressure of fluid 1 the fuel
chamber 318 to the fuel tank 702 via the vapor return
conduit 739. In some such cases, the fluid tflowing through
the check valve 736 1s fuel vapor from the fuel chamber 318.
In some such cases, the tuel vapor in the fuel chamber 318
rises up through the ninth fuel line 730 and the eighth fuel
line 741 to the Y-connector 738. This fuel vapor then tlows
through the Y-connector 738, the tenth fuel line 734, the
check valve 736 and the eleventh fuel line 740 to the fuel
tank 702. The fuel vapor can then be vented from the fuel
tank 702 to ambient air via the fuel vapor pressure relief
valve 703 of the fuel tank 702.

In another aspect, when the pressure of the fluid 1n the
vapor return conduit 739 upstream of the check valve 736 1s
below the predetermined pressure threshold of the check
valve 736, the check valve 736 1s closed. When the check

valve 736 1s closed, the check valve 736 prevents tluid flow
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through the check valve 736, and therefore prevents fluid
tlow through the vapor return conduit 739 in a flmid direction
from the fuel chamber 318 toward the fuel tank 702.
Also, 1rrespective of pressure of fluid 1n the tenth fuel line
734, the check valve 736 prevents tluid flow through the
check valve 736 (and therefore also through the vapor return

conduit 739) i a flmd direction from the fuel tank 702
toward the fuel chamber 318. In one aspect, this helps ensure

that fuel from the fuel tank 702 does not enter the fuel
chamber 318 through the vapor return condut 739, 1n which
case the fuel would bypass the fuel filter 706.

The operation of the check valve 736 helps maintain
pressure of fuel and fuel vapor 1n the fuel chamber 318 at the
predetermined pressure threshold of the check valve 736. In
another aspect, the operation of the check valve 736 reduces
fluid pressure varnations in the fuel chamber 318 (and
therefore also at the mjector inlet 724 and the injector outlet
726, which are fluidly connected to the fuel chamber 318).

More specifically, during some operating conditions,
variations in the flmd pressure output (that 1s, head) of the
tuel pump 710 will occur, to a lesser or a greater degree
depending on the particular embodiment of the fuel pump
710. Some variations 1n the tluid pressure output of the tuel
pump 710 will cause variations of the level of fuel in the fuel
chamber 318 and corresponding compressions and expan-
s1ons of the column of gas above the fuel 1n the Tuel chamber
318.

The corresponding compressions and expansions of the
column of gas will dampen at least some variations in the
fluid pressure output of the fuel pump 710, and excessive
expansions of the column of gas will be mitigated by being
vented by the operation of the check valve 736 (described
above). This creates a pressure bullering effect 1n the tuel
chamber 318. As a result, 1n at least some operating condi-
tions, variations in the pressure of the fuel supply at the
injector inlet 724 are smaller 1n magnitude than variations 1n
the pressure output of the fuel pump 710.

In some cases, this allows the fuel pump 710 to be
selected as a fuel pump that has a relatively simpler con-
struction and 1s relatively less precise in maintaining a given
fluid pressure output, while maintaining the fuel supply to
the injector inlet 724 within a range of pressures that 1s
suitable for maintaining proper operation of the fuel injector
137. In some cases, such fuel pumps are relatively cheaper
than more complicated fuel pumps that are designed to
provide a relatively more stable and more precise fluid
supply pressure output. In some cases, simpler fuel pumps
are more reliable than more complex fuel pumps.

Also, 1n the present embodiment, the fuel system of the
marine outboard engine 100 operates on the single fuel
pump 710. In some cases, this reduces manufacturing costs
of the marine outboard engine 100. In some cases, this
increases reliability of the marine outboard engine 100 (for
example, due to the marine outboard engine 100 having a
relatively smaller number of components).

Modifications and improvements to the above-described
implementations of the present technology may become
apparent to those skilled 1n the art. The foregoing description
1s intended to be exemplary rather than limiting.

The invention claimed 1s:

1. A fuel system for an internal combustion engine, the
internal combustion engine being for use with a fuel tank
and having a fuel injector, the fuel injector having an 1jector
inlet for recerving a fuel supply and an 1njector outlet 1n fluid
communication with the injector inlet for recirculating at
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least some of the fuel supply received by the injector inlet
when the internal combustion engine operates, the fuel
system comprising:
a Tuel vapor separator defining a fuel chamber, the fuel
chamber being a pressurizable fuel chamber, the fuel
vapor separator including an elongate body defining the
pressurizable fuel chamber therein, the fuel chamber
being structured to have a column of gas 1n a top part
of the fuel chamber when the fuel system operates;
a Tuel supply conduit, a first end of the fuel supply conduit
being fluidly connected to the fuel chamber, a second
end of the fuel supply conduit being fluidly connectable
to the tuel tank for supplying tuel from the fuel tank to
the fuel chamber, a terminal opening at the first end of
the fuel supply conduit being within the fuel chamber
and being located at a first height measured from a
bottom surface of the fuel chamber:
an 1njector conduit, a first end of the injector conduit
being flmdly connected to the fuel vapor separator, a
second end of the injector conduit being fluidly con-
nectable to the imjector inlet for supplying fuel from the
fuel vapor separator to the injector inlet, a terminal
opening at the first end of the injector conduit being
within the fuel chamber and being located at a second
height measured from the bottom surface of the fuel
chamber, the second height being smaller than the first
height;
a fuel return conduait, a first end of the fuel return conduit
being tluidly connectable to the fuel tank, a second end
of the fuel return conduit being fluidly connectable to
the injector outlet for returning fuel from the injector
outlet to the fuel tank; and
a vapor return conduit, a first end of the vapor return
conduit being fluidly connected to the fuel vapor sepa-
rator, a second end of the vapor return conduit being
fluidly connectable to the fuel tank for supplying fuel
vapor Irom the fuel vapor separator to the fuel tank, a
terminal opening at the first end of the vapor return
conduit being within the fuel chamber and being
located at a third height measured from the bottom
surface of the fuel chamber, the third height being
greater than the first height.
2. The tuel system of claim 1, further comprising a pulse
pump fluidly connected to the fuel supply conduit to be
operable to supply fuel from the fuel tank to the fuel
chamber via the fuel supply conduit when the second end of
the fuel supply conduit 1s fluidly connected to the fuel tank.
3. The fuel system of claim 1, wherein:
the fuel system includes the fuel tank,
the second end of the fuel supply conduit 1s fluidly
connected to the fuel tank, and
the fuel tank has a pressure relief valve operable to release
tuel vapor pressure in the fuel tank to ambient air when
the fuel vapor pressure reaches a first predetermined
pressure threshold.
4. The fuel system of claim 1, wherein:
the fuel system includes a check valve positioned 1 the
vapor return conduit, and
the check valve:
prevents fluid flow through the check valve 1 a fluid
direction from the fuel tank toward the fuel vapor
separator,

prevents fluid tflow through the check valve i a fluid
direction from the fuel vapor separator toward the
tuel tank when fluid pressure in the vapor return
conduit fluidly upstream of the check valve 1s below
a second predetermined pressure threshold, and
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permits fluid flow through the check valve 1n the fluid
direction from the fuel vapor separator toward the
fuel tank when fluid pressure 1n the vapor return
conduit fluidly upstream of the check valve 1s above
the second predetermined pressure threshold.

5. The fuel system of claim 4, wherein the vapor return
conduit includes a vapor return line fluidly upstream of the
check valve, the terminal opening at the first end of the vapor
return conduit being 1 one end of the vapor return line.

6. The fuel system of claim 1, wherein the vapor return
conduit and the fuel return conduit flmdly overlap at least 1n
part.

7. The fuel system of claim 6, wherein the fuel return
conduit includes a fuel return line and the vapor return
conduit includes a vapor return line physically connected to
the fuel return line.

8. The fuel system of claim 1, wherein the vapor return
conduit includes a vapor return line, the fuel supply conduit
includes a fuel line, and the vapor return line 1s located
within the fuel line.

9. The fuel system of claim 1, wherein:

the fuel system includes a fuel filter fluidly positioned 1n

the fuel supply conduit,

the vapor return conduit includes a vapor return line,

the fuel supply conduit includes a fuel line, and

the vapor return line 1s within the fuel line at least between
the fuel filter and the fuel tank.

10. A marine outboard engine, comprising;:

an mternal combustion engine having a crankshatt, a fuel
injector, the fuel injector having an injector inlet for
receiving a fuel supply and an injector outlet 1n fluid
communication with the injector inlet for recirculating
at least some of the fuel supply recerved by the mnjector
inlet when the internal combustion engine operates;

a driveshaft having a first end connected to the crankshaft,
and a second end opposite the first end;

a transmission connected to the second end of the drive-
shaft to be driven by the driveshatt;

an output shaft having a first end connected to the
transmission to be selectively driven by the transmis-
sion, and a second end opposite the first end;

a rotor connected to the second end of the output shatt to
driven by the output shaft for propelling the marine
outboard engine;

a fuel vapor separator defining a fuel chamber, the fuel
chamber being a pressurizable fuel chamber, the fuel
vapor separator including an elongate body defining the
pressurizable fuel chamber therein, the fuel chamber
being structured to have a column of gas 1n a top part
of the fuel chamber when the internal combustion
engine operates;

a fuel supply conduit, a first end of the fuel supply conduit
being fluidly connected to the fuel chamber, a second
end of the fuel supply conduit being fluidly connectable
to the tuel tank for supplying fuel from the fuel tank to
the fuel chamber, a terminal opening at the first end of
the fuel supply conduit being within the fuel chamber
and being located at a first height measured from a
bottom surface of the fuel chamber:

an 1njector conduit, a first end of the injector conduit
being flmdly connected to the fuel vapor separator, a
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second end of the injector conduit being fluidly con-
nected to the injector inlet for supplying fuel from the
fuel vapor separator to the injector inlet, a terminal
opening at the first end of the injector conduit being
within the fuel chamber and being located at a second
height measured from the bottom surface of the fuel
chamber, the second height being smaller than the first
height;
a fuel return conduait, a first end of the fuel return conduit
being fluidly connectable to a fuel tank, a second end
of the fuel return conduit being fluidly connected to the
injector outlet for returming fuel from the 1njector outlet
to the fuel tank; and
a vapor return conduit, a first end of the vapor return
conduit being fluidly connected to the fuel vapor sepa-
rator, a second end of the vapor return conduit being
fluidly connectable to the fuel tank for supplying fuel
vapor Irom the fuel vapor separator to the fuel tank, a
terminal opening at the first end of the vapor return
conduit being within the fuel chamber and being
located at a third height measured from the bottom
surface of the fuel chamber, the third height being
greater than the first height.
11. The marine outboard engine of claim 10, wherein:
the marine outboard engine includes a check valve posi-
tioned 1n the vapor return conduit, and the check valve:
prevents fluid flow through the check valve 1n a tluid
direction from the fuel tank toward the fuel vapor
separator,

prevents fluid flow through the check valve 1n a tfluid
direction from the fuel vapor separator toward the
tuel tank when fluid pressure in the vapor return
conduit fluidly upstream of the check valve 1s below
a second predetermined pressure threshold, and

permits tluid flow through the check valve in the fluid
direction from the fuel vapor separator toward the
tuel tank when fluid pressure in the vapor return
conduit fluidly upstream of the check valve 1s above
the second predetermined pressure threshold.

12. The marine outboard engine of claim 10, wherein the
vapor return conduit and the fuel return conduit fluidly
overlap at least in part.

13. The marine outboard engine of claim 10, wherein the
vapor return conduit includes a vapor return line, the fuel

supply conduit includes a fuel line, and the vapor return line
1s located within the fuel line.

14. The marine outboard engine of claim 10, wherein the
clongate body extends at least 1n part parallel to the drive-
shatt.

15. The marine outboard engine of claim 14, wherein the
fuel vapor separator 1s positioned relative to the internal
combustion engine such that when the marine outboard
engine 1s attached to a transom of a watercrait in a body of
water and 1s 1n an 1n-use position, at least a part of the fuel
vapor separator 1s submerged in the body of water.

16. The marine outboard engine of claim 14, wherein the
clongate body 1s located below the crankshait and above the
output shaft.
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